The reaction of hydric permanganate upon hydric oxalate, which formed the subject of the first part of this inquiry*, having proved to be of a complex character, consisting in fact of several distinct reactions, it became necessary to seek for investigation a simpler case of chemical change. The reaction selected must at the same time combine all the other qualifications before enuiherated, that it might be possible successively to vary its conditions and to measure its conditions and its amount. After making trial of several reactions which appeared suitable, and being as often foiled by some practical difficulty in the proposed methods of investigation, we at last succeeded in devising for a very simple case of chemical change a method of investigation at once easy and exact. The reaction is that of hydric peroxide and hydric iodide, H 20 2+ 2 H I = 2 H 20 + I 2.
was desired to collect a fresh series of drops. The width of the bottle containing the standard solution is so great, in comparison with the quantity of solution taken for any one set of experiments, that the available length of the siphon and the rate of flow, upon whose constancy that of the drops depends, varies in no appreciable degree. Numerous determinations were made with standard iodine solution of the values of drops thus collected, and they proved to be perfectly equal. To introduce a drop into the fluid in the cylinder, the end of one of the tubes thus charged was dipped into it and moved up and down, while an active stirring was carried on by means of the bubbles of carbonic acid.
When, then, the preparations already described had been completed and a sufficient number of tubes, each loaded with its drop, were lying in readiness, it remained to add to the contents of the cylinder a measure of hydric peroxide, and to mix it as thoroughly and as rapidly as possible with the rest of the fluid. Since, however, the addition and mixing are far from being instantaneous, an experiment was not made to date from this point, but from the moment of the first appearance of the blue colour. In order that the second at which this change occurred might be accurately noted, the cylinder was placed on a sheet of white paper in a good light, and opposite to it was stationed a clock beating seconds. The paper lay on an iron plate, one end of which "was heated more or less gently by a lamp according to the temperature at which the set of experiments was to be performed and that of the surrounding air. By moving the cylinder nearer to or further from the heated end of the plate, the temperature of the fluid could be conve niently regulated. The observations were made by looking down upon the column of fluid and watching the appearance of the disk forming its upper surface, listening at the same time to the beat of the clock and counting the seconds. So suddenly does the blue shade pass over the clear and brightly illuminated disk, that a practised observer can generally feel sure as to the second in which the change begins. And where the reaction is proceeding very rapidly it would often be possible to subdivide the second. As soon as the observation had been made, a drop of hyposulphite was introduced, which speedily restores the liquid to its normal colourless condition. The time that elapses between two successive appearances of the blue colour becomes continually greater as the amount of peroxide in the solution diminishes, and finally the last measure of hyposulphite lequires for its conversion more iodine than the residual peroxide can furnish, and the blue colour never returns. The values of the measure of peroxide and of the drops are readily compared by means of a standard solution of potassic permanganate. To apply this reagent to the estimation of sodic hyposulphite, it is necessary to add to the solution potassic iodide and hydric sulphate, together with a little starch. The determination may thus be performed directly with the same result as though an acidified solution of potassic iodide were first decomposed by permanganate, and the liberated iodine were then used to measure the hyposulphite. The relation between the two reactions which occur simultaneously in this determination is strictly parallel to that between the reaction of hydric peroxide and hydric iodide, which forms the subject, and the reaction of iodine and hyposulphite, which furnishes the method of our investigation. But whereas hydric peroxide acts on hydric iodide much more slowly than iodine acts on hyposulphite, hydric permanganate appears under the same circumstances to form iodine even more rapidly than it is reduced. So that in this case it is possible actually to see the double reaction, for each drop of permanganate as it enters the fluid developes for an instant the colour of iodine. But the fact of the alternate action is proved independently of this observa tion ; for while, as has been stated, the result obtained by the addition of permanganate to the mixture of hydric iodide and hyposulphite is the same as that obtained when the two reactions are caused to occur successively, the result of the direct action of hydric permanganate on hydric hyposulphite is widely different.
The relation between the measure of peroxide and the drops of hyposulphite may also be determined in another manner. It is possible at the close of the actual set of expe riments, having allowed the liquid in the cylinder to stand until the action has come practically to an end, to determine the excess of hyposulphite by means of a standard solution of iodine or permanganate, and then to determine by the same means the value of an entire drop subsequently added. Hence we know what fraction of a drop, in addition to the entire drops previously introduced, has been required to reduce the whole of the peroxide, and this quantity (the whole number and the fraction) expresses the value of the peroxide at the commencement of the experiment. I f we represent by r the amount of residual hyposulphite at the close of the experiment, and by d the amount in one drop, and by nt he number of drops added between the first and last appearanc of the blue colour, then is the fraction of a drop which remained unacted upon, and d--7-is the fraction of a drop acted upon by the last portion of peroxide; and putting jp d --equal to --r-, n-{-j9 is the whole quantity acted on, and may therefore represent also the quantity of peroxide at the moment of the first observation. A t the moment of the second observation the quantity of peroxide is -1 +_p, and at the moments of subse quent observations it is successively n-2-j-^p, -3-f-jP, &c., until fin of the last observation only p remains. Now the decrease of the peroxide is a measure of the amount of chemical change. Each time that the operation represented by H 20 2+ 2 H I = 2 H 20 + I 2 is performed a molecule of peroxide disappears. W e may therefore regard the change by which n-\~p parts of peroxide become n -1+J? parts as a definite portion of chemical change. Representing, then, the observed times by £0, f15 &c., t x-£0, -t v are the successive intervals in which as the experiment proceeds this portion of chemical change is accomplished. Now if all the conditions of the reaction could be kept con stant, if it were possible to reconvert the water which is formed into hydric peroxide, as it is possible, by placing sodic hyposulphite in the solution, to reconvert the iodine which is formed into hydric iodide, then, the same event occurring always under the same con-ditions, the intervals t . -t , , t2~t 19 &c. would be equal. But, as it is, one condition varies, namely, the quantity of hydric peroxide in the solution; and as this quantity diminishes, the amount of chemical change in a unit of time diminishes, or the time required for the accomplishment of a unit of chemical change increases. The former of these (the amount of chemical change occurring within a given time) was the quantity which we were able to determine when investigating the reaction in which hydric per manganate is gradually reduced by an excess of hydric oxalate. The latter (the time required for a given amount of chemical change) is that which we are able to measure in the experiment which we have described. Either determination provides us with the means of calculating the relation between the amount of chemical change and the varying condition, that is, the continually diminishing amount of one of the active sub stances.
• The following Table contains We shall find it convenient to speak of such a series of observations made after the addition of successive measures of hyposulphite as a set of experiments, and to apply the term experiment to each addition of hyposulphite and the two observations which determine the corresponding interval. b e t w e e n t h e c o n d i t i o n s o f a c h e m i c a l c h a n g e a n d i t s AM O UNT. 123 The relation between the series of numbers in these columns is represented by the curve, Plate V III. This curve, which is drawn through twenty experimental points, corresponds to those which served in our former communication* to exhibit the rate at which hydric permanganate is reduced by hydric oxalate. Along the axis of is measured the time of each observation, dating from the commencement of the set of experiments, and along the axis of y the amount of peroxide present in the solution at each of the times. Through each experimental point a line is drawn parallel to the axis of x to meet a line drawn through the point next below it parallel to the axis of y. These lines represent the quantities measured in each experiment, namely, the interval between two successive observations, and the amount of chemical change.
Starting, then, from the "point to which our previous investigations had led us, we inquired at once whether this curve was logarithmic, that is to say, whether the amount of action had in this case varied directly with the amount of the varying active substance. The equation expressing this hypothesis has been shown*f* to be u = ae~a*, where a is the amount of active substance, u the residue after a time , cc the fraction disappearing in a unit of time, and e the base of Napierian logarithms. To the quantity d in this equation corresponds any of the values of y in the preceding Table, to the quan tity u corresponds the next successive value of y in the corresponds the interval t'-t during which the quantity y has diminished to the quan tity V. So that the modified form of the equation which is applicable to the preceding Table is ._ y = y e c K Now this may be written in the form -=<9a(<'_0 * y or taking the logarithms of both sides of the equation, which expresses the fact the logarithms of the ratio of any two successive residues is proportional to the corresponding interval. For calculation it is convenient to express the equation in the deduced form log log I?-log (# -£ )= log a + log log If, then, the differences between the corresponding values of log log and log {t'-t) are found to be constant within the errors of experiment, it may be presumed that the hypo thesis above stated is correct. These values and their differences are given in the following Table. Table II. log log U. lo& (t'-t). log log -log (t'-t). 
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u -The mean of the values of log log5 -log (t'-t) is 3*664, and it will be seen that every one of the values obtained for this difference from the several experiments approximates very closely to the mean. Those which exhibit the greatest deviation on either side are 3*668 and 3*660; and it is important to ascertain whether these deviations can be accounted for by possible errors of experiment. The errors may occur (1) in the measurement of the small quantities of sodic hyposulphite, (2) in the management of the temperature * of the solution, (3) in the estimation of the interval t'-t, which depends upon two successive observations of the moment at which the colour of the solu tion changes. If, then, we suppose that the whole deviation is due to an error committed in one of these operations, the rest having been correctly performed, we find that it might result either (1) from a particular measure of hyposulphite having been one per cent, smaller or larger than the rest, or (2) from the temperature having been 0°*13 too high or too low, or (3) from an error of three seconds having been made in measuring an interval of five minutes. The second of these errors we may perhaps pronounce im possible: the fluctuations of the temperature of the solution seldom exceed 0°*05, and by balancing a small oscillation on one side of the degree line by a similar oscillation on the other, the mean thermometric error during an interval may generally be reduced to a much smaller quantity. But neither of the other errors is such as might not possibly occur in one or two out of a large number of measurements and observations. It is, however, most probable that the maximum deviations from the mean result are due, not to any single experimental error, but to the simultaneous occurrence of two or more errors in the same direction. For example, it may happen (and in eleven experiments it is an even chance that the case will occur) that the measure of hyposulphite is less than the mean, the temperature of the solution too high, the first observation made too late, and the second observation too soon. All these errors conspire to make the experi-V ment in which they occur give too high a number for log log -f -log (f -t). And such a divergence as that in the experiment which gives for the value of this difference 3*668 instead of the mean 3*664, would occur if the measure of hyposulphite were a fifth per cent, smaller than usual, the temperature 0°*025 too high, and the observed interval one second too small. Now all these errors are probable experimental errors. Hence it appears that within the limits of experimental error the numerical results here obtained accord with the hypothesis before stated. In the case of this reaction, it appears that the amount of chemical change occurring at any moment is proportional to the amount of peroxide present in the solution.
It may serve to exhibit the degree of coincidence between the experimental results and the hypothesis, if we further compare the intervals actually observed in this set of experiments with those calculated from the equation in which the hypothesis is embodied.
The general equation being log log V 9 -log(£' -1)= lo g a + log log and the mean MDCCCLXVII.
s value of log a + log log e being in this case 3-664, the equation for calculating t -t is log log log ^7-3*664. In the following Table the numbers obtained in several sets of experiments are simi larly compared with those calculated from equations of the same form. The sets of experiments here given are selected out of a large number equally accordant with theory, with a view to illustrate the variety of circumstances under which this reaction conforms to the law which has been enunciated. For the comparison of different sets of experi ments, it will be convenient to describe each solution by stating its total volume in cubic centimetres, and how many millionths of a gramme of the several ingredients it con tained in a cubic centimetre. The conditions of each set of experiments are enume rated at the head of the columns which contain the intervals actually observed and those calculated from the theoretical equation. The value of cc for each set of experiments is put at the head of the column which contains the calculated intervals. The discrepancy between the observed and calculated intervals in the earlier experiments of the set made at 0° C. depends upon the difficulty which was experienced in managing the temperature. If it rose at all the rate of change was of course increased, and if it fell it was increased also by the separation of some of the water from the acid solution in the form of ice. W ith this exception it will be seen that the calculated and observed intervals agree [very closely. Hence we conclude that whether the solution contains in each cub. centim. 746 millionths of a gramme of hydric sulphate, or 150 times that * Double interval. s 2 quantity, 604 millionths of a gramme o f potassic iodide or 9 times that quantity, or whether hydric chloride or hydro-sodic carbonate be substituted for hydric sulphate, whether the temperature be 0° or 50° C., and whether the portion of change require for its accomplishment intervals of one or two minutes, or intervals of half an hour or an hour, this reaction still conforms to the law that the amount of change is at each moment proportional to the amount of changing substance.
In these experiments the actual observation has been of the rate of production of iodine. But the production of this substance is only one part of the chemical change which occurs. The whole change is represented in its simplest form by the equation H 2 0 2+ 2 H I = 2 H 2 0 + I 2, and we are able, knowing the quantity of iodine that has been formed, to infer from it the quantity of water formed and the quantities of hydric peroxide and iodide that have disappeared. Now if we assign a particular weight to the molecule of iodine, the equa tion will represent that change by which this amount of iodine is formed, together with the proportional quantity of water, while corresponding quantities of hydric peroxide and iodide disappear. W e thus obtain an expression for a particular amount of change. The unit change may be defined to be that in which 254 millionths of a gramme of iodine are formed, and when the equation written above is used to express this unit change it will be written in italics. That is to say, the expression represents the occurrence of n units of change. Further, since in these experiments the liquid system is homogeneous, the total change which occurs during any interval of time depends upon the quantity of change occurring in each unit of volume and the number of such units. For unit of volume we may conveniently adopt the cubic centimetre. In stating the amounts of other reagents than those which appear in the equation of the reaction, it will sometimes be convenient to express these amounts in units corresponding to those proposed above, being their molecular weights taken not as relative numbers, but as so many millionths of a gramme. For example, in enumerating the conditions of a particular experiment we shall mean by I i2 S 0 4, or a unit of hydric sulphate, 98 millionths of a gramme of that substance; by , or a unit of potassic iodide, 266 millionths of a gramme of that salt.
In each set of experiments we commence with a system which contains elements capable of undergoing a certain quantity of change. W e may express this by saying that there exists at starting a certain amount of potential change. As time elapses this potential change gradually becomes actual. From this point of view the change occurring in the system is analogous to the motion of a heavy body falling freely, which at the commencement of its motion has a certain amount of potential energy capable of being transformed into actual energy. As the body falls the potential energy gradually becomes actual. Each experiment supplies data for the determination of the following quantities:- The relation existing between these quantities has been found to be of such a nature that the ratio of the initial and final potential changes in a given system depends only upon the time of the actual change, so that if this time is constant the ratio is constant; and since the actual change is simply the difference between the initial and final potential changes, it follows that for equal intervals of time the actual change is proportional to the initial potential change. Now if we could construct a system in which the potential change remained constant, it is clear that the actual change would proceed at a uniform rate, depending upon the quality of the system and proportional to the constant potential change. In all the systems upon which our experiments have been made the potential change varies, so that we are not able directly to observe this uniform rate, but we can obtain its value indirectly in the following way.
Suppose the time of actual change to be so small that its rate may be considered uniform during that time, the actual change will be so small that the initial and final potential changes may be considered to be equal; in other words, the potential change will be constant. The ratio of the small actual change to the time of its occurrence will thus represent the uniform rate of actual change when the potential change remains constant. The equation which connects the initial and final potential changes , with the time of actual change has been found to be whence we obtain y dy -i i = Now -dy is the actual change which occurs during the time dt, and from what is stated above the ratio of these small quantities is the uniform rate of actual change when the potential change y remains constant. It follows therefore that in a given system, in which there exists a constant quantity of potential change y, the uniform rate of actual change is ay. Or since a is a constant for the given system, the rate of actual change is proportional to the potential change. If the unit of time is one minute, a represents the fraction of the potential change which is converted into actual change in one minute. Table IV ., if at any moment whatever while the reaction was proceeding the rate of change could have been made constant, in 7*6 minutes from that time the whole change would have been accomplished. Whatever amount of peroxide the solution contained, this would equally have been the case; in 7*6 minutes the whole of the peroxide would have disappeared.
These results may be illustrated graphically by the following figure.
The curve P 4 P2 P4 represents the course of the reaction as determined by a set of experi ments. Mj M2, M3 M4 represent any two equal intervals of tim e; M L P 1? M2 P2 the potential changes at the beginning and end of M4 M2; M3P3, ^-4^*4 the potential changes at the begin ning and end of M3M4; P2Q2, P4Q4 the actual changes that have occurred during these inter vals ; P x Tj, P3 T3, tangents to the curve at P l5 P3, represent the course of the reaction if it were to maintain the same rates with which it was pro ceeding at P 15 P3 respectively; P2'Q 2, P4'Q4 the actual changes which would occur with these uniform rates during the intervals M2, . . w e shall obtain an equation expressing the laws of connexion between all the conditions of this chemical change and its amount. It is, however, to be observed, that for the determination of a in each set of experiments it is necessary that the introduction and variation of the con dition x should not alter the law of connexion between p and t. In other words, to determine <p(x) we need to obtain a series of equations of the following form,
It is plain that the investigation of a single reaction thus considered is a work requiring the performance of a very large number of experiments. In the case before us it is possible to react with the hydric peroxide either upon hydric iodide by itself, or potassic iodide and hydric sulphate, or to substitute sodic iodide for potassic, or hydric chloride for hydric sulphate, without (as appears from the numbers in Table IV Variation o f Iodide. YV hen two salts are mixed in solution and no precipitation occurs, or [change in the colour of the liquid, it is not possible to arrive at any probable conclusion as to the proportions or nature of the salts which the solution contains. In the greater part of the experiments about to be recorded, potassic, or sodic, or hydric iodide was added to a liquid containing an excess of hydric sulphate or chloride. Whether the systems thus formed contained the salts introduced into them, or hydric iodide and a metallic sulphate or chloride, or whether the metallic iodides were partially decomposed by the excess of fiee acid, we are unable to say. It may be hoped that the further investigation of the effect of varying these substances will throw light upon this question; but at present we must consider our results generally as depending upon the variation of iodide.
Ihe following Table contains The weights of sodic peroxide and sodic hyposulphite are so small in comparison with that of the hydric sulphate, that the amount of acid neutralized by these salts is insigni ficant. The formation of a correspondingly small quantity of sodic sulphate may also be disregarded; for a separate experiment made with a large quantity of this salt proved that its influence upon the rate of change is very slight. But the potassic iodide was used in rather larger proportion; and it seems probable that some double decompo sition occurs between it and the hydric sulphate. Hence the permanent ingredients of a unit of volume of the system in each set of experiments were (381*3-1*82 z)H2S C >4, V % 2 {{n -z) K I n ( l' 82 K I ) being the weight of potassic iodide taken for every cubic centimetre of the several solutions, and z being the fraction of this iodide decomposed by the hydric sulphate. T able V. To confirm this result a second series of sets of experiments was made, differing from the former by the substitution of hydric chloride for hydric sulphate. Comparing equivalent quantities, it had been observed that hydric chloride increases the rate of change nearly twice as much as hydric sulphate. Therefore, in order to obtain a suffi cient series of different rates of which the first should not be inconveniently small, nor the last inconveniently great, one molecule or half an equivalent of hydric chloride was substituted for a molecule of hydric sulphate. The mean values of a derived from these sets of experiments are compared in the following Thus it appears that the amount of chemical change occurring in the solutions at any moment varies directly with the amount of iodide, if all the other conditions are the same. A few of the numbers from which the mean values of a are obtained differ con siderably one from another. These differences were generally due to observed errors in the management of the temperature of the solution, which having through inadvertence risen or fallen a little during one interval, was made to fall or rise in a corresponding degree during the next interval, that the mean result might be correct.
In both these series the quantity of iodide was small in proportion to the quantity of acid, amounting at the most to 4 per cent. Two sets of experiments were subsequently made with systems containing in a cubic centimetre 54*5 II2 8 0 4, and 10-42, 20*84 K I respectively, at a temperature of 17° C. The values of a given by these two sets were *0116 and -0243, the latter of which is considerably more than double the former. In some other sets of experiments, in which instead of a metallic iodide different quantities of hvdric iodide were added to the solutions, it was observed similarly that the increase in the rate of change was more than proportional to the increase of hydric iodide. Now, since it appears that hydric sulphate or hydric chloride, though playing no immediate part in the reaction, yet accelerates its course, it seems reasonable to suppose that a double effect may be produced by the addition of hydric iodide. For while on the one hand this addition increases the amount of substance which the hydric peroxide has to act upon, on the other hand, like the addition of hydric sulphate or hydric chloride, it increases the acidity of the solution. But further, the rate of change depends not only upon the acidity of the solution, but upon the particular acid which it contains. The two acids upon which we have experimented affect the rate of change in different degrees, hydric chloride exercising a greater influence than hydric sulphate; so that if we were to add a quantity of neutral chloride to a solution containing hydric sulphate, we should doubtless increase the rate of change; for some of the hydric sulphate would be replaced by its equivalent (in the ordinary chemical sense) of hydric chloride. In the same way it is probable that a solution into which hydric sulphate and potassic iodide have been introduced contains some hydric iodide, and that this acid also has its particular effect upon the rate of change independently of the part which it plays in the reaction itself. Now, if equivalent quantities of hydric sulphate and iodide caused equal accelerations, the replacement in the solution of one of these acids by the other would produce no effect; but if hydric iodide, like hydric chloride, has a greater accelerating power than hydric sulphate, the effect of this replacement would be to cause an acceleration inde pendent of and additional to that which is due to the increase of iodide. When, as in the sets of experiments recorded in Tables V. and VIL, the hydric sulphate or chloride replaced by hydric iodide is but a small fraction of the whole amount in the solution, this change does not so affect the rates as to hinder us from observing the result of the simple variation of iodide; but when the experiment is pushed further, and a con siderable proportion of the acid is thus changed, the effect of this second variation becomes perceptible. W ith the view of inquiring whether the proportional relation between the amount of iodide and the amount of chemical change still holds good when the solution does not contain an excess of acid, a number of sets of experiments were made with a constant quantity of hydric iodide and various quantities of potassic iodide. Here we encountered a fresh difficulty; the primary reaction no longer followed the law 
